Evaluating societal risks posed by uranium contamination from waste management facilities, mining sites, and heavy industry requires knowledge about uranium transport in groundwater, often the most significant pathway of exposure to humans. It has been proposed that uranium mobility in aquifers may be controlled by adsorption of U(VI)-carbonato complexes on oxide minerals. The existence of such complexes has not been demonstrated, and little is known about their compositions and reaction stoichiometries. We have used Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) and Extended X-ray Absorption Fine Structure (EXAFS) spectroscopies to probe the existence, structures, and compositions of ≡FeO surface -U(VI)-carbonato complexes on hematite throughout the pH range of uranyl uptake under conditions relevant to aquifers. U(VI)-carbonato complexes were found to be the predominant adsorbed U(VI) species at all pH values examined, a much wider pH range than previously postulated based on analogy to aqueous U(VI)-carbonato complexes, which are trace constituents at pH < 6. This result indicates the inadequacy of the common modeling assumption that the compositions and predominance of adsorbed species can be inferred from aqueous species. By extension, adsorbed carbonato complexes may be of major importance to the groundwater transport of similar actinide contaminants such as neptunium and plutonium.
distances and coordination numbers (CNs) were estimated to be ±0.03 Å and ± 30%, respectively, based on comparison to fit results of EXAFS from model compounds ([UO 2 (CO 3 ) 3 ] 4-(aq), schoepite, rutherfordine 13 , and uranyl nitrate 13 , the latter two obtained from the SSRL EXAFS library.
Equilibrium U(VI) concentrations in most samples were an order of magnitude lower than the solubility of schoepite (UO 2 (OH 2 )•H 2 O) 3 and about two orders of magnitude lower than U(VI) solids found to occur over a two-day time scale in precipitation experiments. Spectra of the solid phases were dissimilar to those of adsorption samples, indicating that adsorption samples were not contaminated with precipitates.
Results and Discussion
ATR-FTIR spectra of carbonate adsorbed on hematite in the absence and presence of U(VI)
are displayed over the C-O stretching region in Figure 1 . The region from about 1400 to 1600 cm -1 is assigned to the asymmetric (asym) C-O ν 3 stretching frequency in CO 3 , whereas that between about 1300 and 1400 cm -1 is assigned to the symmetric (sym) ν 3 frequency 14 . As shown in Figure 1 , the presence of U(VI) coincides with a shift of the undifferentiated asym ν 3 peak centroid to higher frequencies and an increase in the height ratio (asym:sym) of the (undifferentiated) ν 3 peaks. Fits to the spectra indicate these changes arise from the appearance of a pair of C-O stretching frequencies at about 1530 (asym ν 3 ) and 1345 cm -1 (sym ν 3 ), shown in Table 1 ). However, the maximum variation in the trans-dioxo MS peak height should be ≤ 7% for samples similar to one-another having reasonable changes in O=U=O bond angles and distances. Hence, the 2.9 Å peak should not be attributed solely to transdioxo MS. Fe neighbors at about 3.43 Å provide excellent fits to this shell, suggesting that U(VI) bonds in a bidentate fashion to hematite via equatorial oxygens 8, 20 . This conclusion is consistent with the metal-like uptake of U(VI) in this system 8 .
Fits to EXAFS indicate U(VI) has 5 to 6 equatorial oxygens (O eq ). Since two of these O eq positions should be occupied by surface sites, it follows that adsorbed U(VI) should have at most 
